This study examined sleep, sleepiness, and daytime performance in 68 children with autism, 57 children with intellectual disability (ID), and 69 typically developing preschool children. Children in the autism and ID groups had poorer daytime performance and behaviors than the typically developing children. Children in the ID group also were significantly sleepier than children in both the autism and typically developing groups. These significant differences persisted over 6 months. Actigraph-defined sleep behaviors and problems did not relate to daytime sleepiness or daytime performance and behaviors for the children with autism or the typically developing group. For the ID group, longer night awakenings and lower sleep efficiency predicted more daytime sleepiness. For each group, parent-report sleep problems were associated with more daytime sleepiness and more behavior problems.
Studies report that 40%-80% of children with autism spectrum disorders compared with 10%-30% of typically developing children have associated sleep problems (Cortesi, Giannotti, Ivanenko, & Johnson, 2010; Goldman et al., 2009; Johnson, Giannotti, & Cortesi, 2009; Krakowiak, Goodlin-Jones, Hertz-Picciotto, Croen, & Hansen, 2008; Polimeni, Richdale, & Francis, 2005; Quine, 2001; Richdale & Schreck, 2009; Souders et al., 2009) . Moreover, children with disrupted sleep present with daytime behavior problems (Buckhalt, El-Sheikh, Keller, & Kelly, 2009; Foldvary-Schaefer & Malow, 2011; Gregory, Eley, O'Connor, & Plomin, 2004; Lavigne et al., 1999; Malow & McGrew, 2008; Wiggs & Stores, 1996) . For example, in a parent-report study of elementary school-age children with autism, fewer hours of sleep were associated with more social skill deficits, more repetitive behaviors, and greater irritability (Schreck, Mulick, & Smith, 2004) . Similarly, more severe sleep problems in children with intellectual disability were correlated with more daytime behavior problems, such as aggression (Didden, Korzilius, van Aperlo, van Overloop, & de Vries, 2002) . In typically developing children, sleep problems are also associated with daytime behavior problems in both preschool-age (Hall, Scher, Zaidman-Zait, Espezel, & Warnock, 2011) and school-age children (Buckhalt et al., 2009; El-Sheikh, Kelly, Buckhalt, & Hinnant, 2010; Keller & El-Sheikh, 2010) . In sum, sleep problems or inadequate sleep from variable causes (e.g., obstructive sleep apnea or family schedule disruption) are associated with a wide range of behavioral problems (Beebe, 2011) .
Although it is clear that sleep disruptions or problems affect daytime performance and behavior, it is not clear how daytime sleepiness affects the process. The present study tested a novel model in which daytime sleepiness is proposed to mediate the relationship between nighttime sleep disruption and daytime performance. The study focuses on children of preschool age and incorporates multiple measures of sleep behaviors and sleep problems to examine the relationships between sleep, sleepiness, and daytime behaviors in three developmentally distinct comparison populations. As illustrated in Figure 1 , this study hypothesized that sleep disruption would lead to daytime sleepiness, which in turn would negatively impact daytime behavior and performance. The University of California, Davis (UC Davis), Institutional Review Board approved the protocol, and all parents signed informed consents.
Method

Participants
Three groups of children were enrolled: children with autism, children with intellectual disability without autism (the ID group), and typically developing children. Subjects were recruited to the project from several sources: the UC Davis M.I.N.D. Institute's research recruitment registry, advertisements in local newspapers, and word of mouth. Families were recruited to a study ''to learn more about sleep and waking patterns'' and not to a study about sleep problems. Only one child per family was enrolled. Typically developing children were included only if they had no siblings with autism or other neurodevelopmental disorders. Exclusion criteria for all children included the presence of a chronic medical illness or current or prior treatment for a sleep disorder. Two children in the ID group who had been diagnosed with a seizure disorder that was well controlled by anticonvulsant medication were included. None of the other participants were on any medication. The ages of children at enrollment ranged from 24 to 66 months (M 5 44.4 months, SD 5 11.1 months). Of the 194 children (autism 5 68, ID 5 57, typical development 5 69) recorded at Time 1, 179 children were studied at Time 2, and 173 children completed all three recording sessions, accounting for a 89% completion rate. Families who dropped from the study did so for various reasons that included moving from the area, schedules that were too busy, or households that were too hectic. No family dropped because of an adverse event resulting from the study. There were no significant differences in gender, ethnicity, or diagnosis between those who completed the study and those who did not.
Children with a neurodevelopmental disorder underwent an initial diagnostic evaluation consisting of the Autism Diagnostic Observation Scale (ADOS; Lord, Rutter, DiLavore, & Risi, 1999) ; the Mullen Scales of Early Learning (MSEL; Mullen, 1995) , a test of cognitive ability; and the Vineland Adaptive Behavior Scales Figure 1 . A conceptual model of pathways from sleep to daytime functioning that was tested in the study. Bold arrows present the hypothesized mediation paths. WASO 5 wake after sleep onset; CSHQ 5 Children's Sleep Habits Questionnaire; PEP-R 5 Psychoeducational Profile-Revised; CBCL 5 Child Behavior Checklist.
(VABS; Sparrow, Balla, & Cicchetti, 1984) , a test of adaptive functioning. The Autism Diagnostic Interview-Revised (ADI-R; Rutter, Le Couteur, & Lord, 2003) was completed with parents of children in the group with autism. Only children who met diagnostic criteria for autistic disorder using the ADOS cutoff and who met criteria on all domains of the ADI-R were included as subjects in the autism group. The ADOS and ADI-R are gold standard measures and were administered by certified practitioners. Children in the ID group scored below the autism spectrum disorder (ASD) cutoff score on the ADOS and below 70 on the MSEL Early Learning Composite (ELC). Typically developing children were not given the ADOS but completed the VABS and MSEL with ELC scores above 75.
Group characteristics at enrollment are presented in Table 1 . The typically developing group was on average 6 months younger (M 5 40.9 months) than the children in the autism (M 5 46.8 months) and ID (M 5 45.7 months) groups at initial enrollment (both ps , .05). Both age and developmental status impact maturation of sleep-wake organization in young children; however, it is not clear in populations with neurodevelopmental disorders which of these two factors has more impact. In an attempt to match children on their maturational age, we intentionally recruited typically developing children who were slightly younger in chronologic age. Chronologic age was used as a covariate in all statistical analyses; therefore, all models are adjusted to control for the imbalance of age across groups. Mothers of children in the ID group were significantly more likely to be single, and fewer had graduated from college (p , .05). Children in the two neurodevelopmentally disordered groups were well matched on the MSEL ELC and VABS Adaptive Behavior Composite (ABC) scores and differed significantly from the typically developing children on these scales. See Table 1 .
Assessment of Sleep
Each child's sleep patterns were measured via actigraphy and a parent-completed sleep diary and recorded over 7 consecutive 24-hr periods, except when bathing. Weeklong recordings were completed on three occasions: Time 1, at enrollment; Time 2, at 3 months after enrollment; and Time 3, at 6 months after enrollment. The actigraph, a Mini Mitter Actiwatch (AW64; Mini Mitter, Oregon), was embedded in a foam pad, secured by a Velcro strap on the child's nondominant ankle. Actigraph data were analyzed with the manufacturer's algorithm set at medium sensitivity (Mini Mitter). A secondary laboratory ''smoothing'' filter recoded isolated, single-minute actigraph waking epochs after sleep onset as sleep epochs, a procedure that significantly improved reliability (Sitnick, Goodlin-Jones, & Anders, 2008) . Actigraph sleep variables included bedtime and naptime (recorded clock time from the diary), 24-hr sleep (sum of nighttime sleep duration plus nap duration in minutes), sleep efficiency (time in bed asleep divided by the total time in bed), sleep onset latency time (number of minutes from bedtime to sleep start time), wake after sleep onset (WASO) duration (total minutes awake after sleep onset), and WASO number (the number of nighttime awakenings after sleep onset). Nap durations and frequencies were also obtained from the actigraph. Naps were defined as any sleep that took place outside of the child's nighttime sleep, roughly between 7 a.m. and 7 p.m., and confirmed on the parent-report sleep diary.
Defining Problem Sleep
The presence of a sleep problem during each of the three recording weeks was defined in three ways: global sleep problems, bedtime resistance or sleep onset problems, and night awakening problems. For each of the sleep problem definitions, two indices were used (summarized in Table 2 ). For global sleep problems, parents were asked whether, in their opinion, their child currently had a sleep problem (yes/no). Additionally, each parent completed the Child Behavior Checklist (CBCL; Achenbach & Rescorla, 2000) , and from this questionnaire, the empirically based Sleep Problems subscale was extracted, a procedure commonly done in studies of typically developing children and children with disabilities. For bedtime resistance and sleep onset and night awakening problems, parents completed the Children's Sleep Habits Questionnaire (CSHQ; Owens, Spirito, & McGuinn, 2000) , from which the Bedtime Resistance and Night Awakening subscales were used. The actigraph-derived variables of WASO duration, WASO number, and sleep onset latency were used to determine either a night waking or sleep onset behavioral insomnia, or both, according to predetermined cut points (Anders & Dahl, 2007) .
Assessment of Daytime Sleepiness
To assess daytime sleepiness, we used two parentreport indices. First, parents completed a modified version of the Epworth Sleepiness Scale (ESS; Johns, 1991) . The ESS has not been standardized for use with this age group; however, because of its ease of use and the potential for generalization to studies of older children, it was selected as an exploratory method. The ESS is an eight-item questionnaire that inquires about the likelihood of the child falling asleep in everyday situations (e.g., watching television, riding in a car, sitting after a meal). Sleep propensity is measured on a 4-point Likert scale ranging from 0 (would never (Owens et al., 2000) Bedtime Resistance subscale 2. Actigraph-based behavioral insomnia (Anders & Dahl, 2007) Sleep onset subtype (meets two of the following criteria): N $ 20 min to fall asleep N Parent remains in room for sleep onset N $ 2 reunions (i.e., repeated bids, protests, or struggles to go to bed) Night awakening sleep problems 1. Children's Sleep Habits Questionnaire (Owens et al., 2000) Night Awakening subscale 2. Actigraph-based behavioral insomnia (Anders & Dahl, 2007 ) Night Awakening subtype: N 1 or more night awakenings for $ 10 min of total awakening time N $ 5 nights per week sleep) to 3 (very likely to sleep). Scores on each item are totaled for a range from 0 to 24. The ESS has been used in typically developing older children (Chan et al., 2009 ) and children with neurodevelopmental concerns (Elkhayat et al., 2010; Joo et al., 2010) . In adult studies, the ESS is correlated with the Multiple Sleep Latency Test (MSLT; Johns, 1991) , but this association in young children has not been established. The ESS was completed at each of the three recording periods.
The second daytime sleepiness index was derived from the Children's Sleep Habits Questionnaire (CSHQ; Owens et al., 2000) . The Daytime Sleepiness subscale asks parents to rate whether their child wakes independently, wakes in a bad mood, has a hard time getting out of bed, seems tired, takes a long time to become alert, and falls asleep during the day while riding in a car or watching TV. Subscale scores for this sample ranged from 8 to 22 and were calculated at each assessment period. Most children presented with minimal daytime sleepiness on this scale.
Assessment of Daytime Functioning
During each actigraph recording week, children and their parents completed an hour-long laboratory battery to assess daytime performance and behavior. Children were tested on the Psychoeducational Profile-Revised (PEP-R; Schopler, Reichler, Bashford, Lansing, & Marcus, 1990) , and the Bayley peg-board task (Bayley, 1969) . Parents completed the CBCL for children ages 1.5 to 5 years (Achenbach & Rescorla, 2000) . These measures were chosen because of their suitability for both typical and neurodevelopmentally impaired preschool-age children. The PEP-R measures several different domains of functioning, such as perception, eye-hand coordination, and fine and gross motor coordination. The PEP-R has been used with children on the autism spectrum in a pre-post design and is a good measure for demonstrating improvement in functioning (Ozonoff & Cathcart, 1998) . The peg-board task, a part of the Bayley Scales of Infant Development (Bayley, 1969) , assesses attentiveness and coordination. The mean peg ''rate'' reflects the number of correctly placed pegs per unit of time over three trials. The CBCL is a parent-report measure that includes 99 problem item responses plus descriptions of problems, disabilities, concerns, and strengths of the child. The CBCL is well validated in typically developing children (Achenbach & Rescorla, 2000) and is commonly used with populations of children who have developmental concerns (Eisenhower, Baker, & Blacher, 2005; Ivanova et al., 2010; Spratt, Salor, & Macias, 2007) . For the present study, the commonly used subscales of Externalizing and Internalizing Behavior Problems were used for analyses. These subscales do not contain the CBCL sleep problem items.
Data Analysis
We conducted our statistical analyses with SAS Version 9.2 and included descriptive statistics for all categorical and continuous variables. We used random-effects regression models (Laird & Ware, 1982) to (a) estimate patterns of change in amount and timing of sleepiness and daytime behavioral and performance variables, (b) test whether diagnosis and other covariates were related to the initial level or rate of change in these variables, and (c) assess whether daytime sleepiness mediated the relationships between sleep behaviors and problems and daytime performance. This approach allowed the use of all available data for each child, while accounting for the correlated nature of the data that resulted from repeated measurements on the same individual.
The initial set of models included fixed effects for diagnosis, age at baseline, and time (in months) since baseline. A second set of models added the interaction of diagnosis with age and time. The interaction term between diagnosis and time tested whether the rate of change varied by diagnosis. Parameters that did not add significantly to the model were removed; therefore, the reported models include only significant predictors.
Another set of models included the actigraph variables as predictors and their interaction with diagnosis and time. A final set of models added terms for sleep problems and their interaction with diagnosis and time to evaluate their effect on baseline levels and change in sleepiness and daytime behavioral and performance variables. These last two sets of models included one actigraph or sleep problem predictor at a time, because of the potential associations among these variables.
To examine possible mediation effects of daytime sleepiness, we used as a prerequisite the significance of Paths B or E, respectively (cf. Figure 1 ; Baron & Kenny, 1986) . For those actigraph and sleep problems variables that had a significant effect on daytime functioning, we proceeded to ascertain whether the daytime sleepiness variables functioned as mediators of the relationship between sleep behaviors or sleep problems and daytime functioning. Daytime sleepiness variables were thus added (one at a time) to the corresponding models predicting daytime functioning using actigraph variables and sleep problems, respectively. If both Paths A and C (or D and C) were significant and the new coefficients for the actigraph and sleep problems variables were closer to zero than those in Path B (or E), we deemed daytime sleepiness as a mediator of the relationship between actigraph and sleep problems and daytime functioning.
We used residual analyses and graphical diagnostics to check the validity of the model assumptions. We concluded from these analyses that model assumptions were adequately met.
Results
Sleep-wake variables scored from the actigraph have been described in detail elsewhere . Briefly summarizing the results (Table 3) , we found that WASO durations were significantly elevated for children in the ID group compared with children in the autism and typically developing groups. Children in the ID group also had, on average, one more awakening per night than children in the other two groups. Children in the autism group slept significantly less during each recording week. Children in the ID group had significantly longer and more naps (and on more days per week), on average, than children in the autism group. Daily nap patterns for children in the ID group resembled the patterns of children in the chronologically younger typically developing group. No group differences were noted for bedtimes, sleep onset latency times, and sleep efficiency. Finally, as reported previously , children in all three diagnostic groups had significantly more within-child variability than between-group variability in all of the sleep-wake variables. Children in both neurodevelopmental groups had more within-child variability than did children in the typically developing group. See Table 3 .
This report focuses on the developmental trajectories over 6 months for each of the daytime variables of interest (sleepiness, behavior problems, perception, fine motor skills, and eye-hand coordination) and on the relationships between sleep, sleepiness, and daytime performance. Table 4 summarizes the daytime sleepiness (ESS and CSHQ Daytime Sleepiness subscale) and performance and behavior (CBCL, Bayley peg rate, PEP-R) variables for the three diagnostic groups at the each recording time. Table 5 presents the results of the random-effects model that predicts these variables by using diagnostic group, age, and time in the study (recording period).
Developmental Trajectories
Daytime sleepiness. As detailed in Table 5 , for the ESS, children in the ID group were significantly sleepier than children in both the typically developing (p , .001) and autism groups (p 5 .03) over the three occasions. There was a trend for children in the autism group to be sleepier than children in the typically developing group (p 5 .08). Children who were older at baseline were significantly less sleepy during the daytime than younger children (p , .05), and for all three groups, daytime sleepiness (as indexed by the ESS) decreased over the course of the study at the same rate (p , .01). Contrary to our expectations, the CSHQ Daytime Sleepiness subscale did not echo these results. Children who were older at baseline were rated as more sleepy during the day by their parents. No significant differences at baseline and no changes across time in any of the three groups emerged with the CSHQ Daytime Sleepiness subscale. In sum, children who entered the study with higher rates of daytime sleepiness continued to display more sleepiness at each of the assessment periods.
Child behavior problems. At baseline, children in the autism and ID groups were rated about 10 points higher on the CBCL Internalizing and 8 points higher on the CBCL Externalizing subscales than children in the typically developing group (all ps , .001). These significant differences persisted over the course of the study. The main effect for time was significant (p , .01) with scores for all groups decreasing over time at similar rates, across both CBCL subscales. As portrayed in Table 5 , there was a significant ageat-baseline effect, with older children at baseline scoring higher on the Internalizing Behavior Problem subscale. For the Externalizing Behavior Table 3 Summary of Actigraph Sleep-Wake Variables and Group Differences Over 6 Months (Table 3 continued) Problem subscale, this effect was present only in the ID group (p , .05). Bayley peg rate. As illustrated in Table 4 , children in both neurodevelopmentally disordered groups had significantly lower performance on the peg rate task than did children in the typically developing group on all occasions. There was also a significant interaction (p , .001; see Table 5 ) between diagnosis and age at baseline on this task. Whereas older children in the typically developing group placed more pegs than did younger typically developing children, this age effect was less pronounced for children in the neurodevelopmentally disordered groups. Additionally, children in the typically developing group showed significantly greater improvement over time than did children in the autism and ID groups.
Psychoeducational Profile-Revised. On the PEP-R Perception, Eye-Hand Coordination, and Fine Motor Scales, children in the typically developing group scored significantly better than children in the autism and ID groups at baseline (all ps , .001). These differences persisted over 6 months, and the performance on all three scales improved over time at similar rates for the three groups. Age at baseline was a significant predictor of performance on all three scales, with older children in all groups scoring higher. This age effect was less pronounced in the autism group for fine motor and eye-hand coordination and in the ID group for eye-hand coordination.
Relationships Between Sleep, Sleepiness, and Daytime Performance Actigraph variables, daytime sleepiness, and performance. Table 6 summarizes the randomeffects models assessing the relationship between actigraph variables and daytime sleepiness and performance. These models tested Paths A and B in Figure 1 . Overall, shorter WASO durations were associated with higher PEP-R Perception (p , .001) and Eye-Hand Coordination scores (p , .01; Path B). There was a trend for WASO duration to be associated with PEP-R Fine Motor Coordination (p , .01) for all children. For children in the typically developing and autism groups, the actigraph variables related neither to daytime sleepiness (Path A) nor to any of the daytime performance and behavior indices (Path B). For children in the ID group, sleep efficiency (p , .01) and WASO duration Table 3 Continued 
(p , .05) related to daytime sleepiness; sleep efficiency also related to PEP-R Perception (p , .05). That is, higher sleep efficiency and shorter WASO durations were associated with less sleepiness in the ID group, and children in this group performed better when they presented with higher sleep efficiency scores. See Table 6 . Sleep problems, daytime sleepiness, and performance. Table 6 also presents group differences in Pathways D and E as depicted in Figure 1 . For all 7.0 6 3.8 6.7 6 3.5 5.8 6 3.5 Intellectual disability 7.5 6 3.0* 8.5 6 3.6*** 7.6 6 3.7** Typically developing 6.0 6 2.5 6.1 6 2.7 5.7 6 2.8 CSHQ: daytime sleepiness Autism 12.2 6 2.6 12.8 6 2.9 12.3 6 2.9 Intellectual disability 12.5 6 2.7 12.5 6 2.7 12.8 6 3.1 Typically developing 11.9 6 2.9 11.7 6 2.4 11.6 6 2.4
CBCL: externalizing problems Autism 59.0 6 10.0 58.0 6 9.5 58.1 6 9.4 Intellectual disability 59.4 6 10.5 58.5 6 10.8 59.1 6 11.8 Typically developing 50.9 6 10.9*** 50.2 6 12.7*** 46.8 6 11.4*** Autism 9.2 6 3.1 9.7 6 3.0 10.1 6 2.6 Intellectual disability 9.6 6 3.4 9.8 6 3.2 10.5 6 2.8 Typically developing 11.5 6 2.1*** 12.0 6 1.2*** 12.5 6 0.8*** PEP-R: fine motor Autism 9.1 6 3.1 9.7 6 3.6 10.5 6 2.8 Intellectual disability 8.8 6 3.9 9.6 6 3.6 10.1 6 3.9 Typically developing 11.8 6 2.6*** 12.4 6 2.3*** 13.1 6 1.9*** PEP-R: eye-hand Autism 5.8 6 2.8 6.9 6 3.3 7.4 6 3.3 Intellectual disability 5.1 6 3.1 5.4 6 3.3 6.7 6 3.4 Typically developing 8.0 6 3.2*** 9.0 6 3.0*** 9.6 6 3.0*** Note. The reported models contain only significant effects, except for some of the terms reflecting the interaction between diagnosis and age. Those estimates without a symbol were not significant, but the corresponding terms had to be included in the model to preserve the interpretability of the interaction with diagnosis. ESS 5 Epworth Sleepiness Scale; DS 5 Daytime Sleepiness subscale of the Children's Sleep Habits Questionnaire; CBCL-I 5
Child Behavior Checklist-Internalizing Problems subscale;
CBCL-E 5 Child Behavior Checklist-Externalizing Problems subscale; PEP-R P 5
Psychoeducational Profile-Revised (PEP-R) Perception Scale; FM 5
Fine Motor
Scale; EH 5 Eye-Hand Coordination Scale; TD 5 typically developing.
a Models included and tested terms for demographic characteristics (ethnicity, mother's age, marital status, and education). Mother's marital status was a significant predictor; children with unmarried mothers scored significantly higher than those with married mothers.
c Age at baseline was centered at 44 months, so the intercept can be interpreted as the average response at the first recording time for a 44-month-old TD child. Note. The reported models contain only significant effects, except for some of the terms reflecting the interaction between diagnosis and actigraph variables. Those estimates without a symbol were not significant, but the corresponding terms had to be included in the model to preserve the interpretability of the interactions with diagnosis. ESS 5 Epworth Sleepiness Scale; DS 5 Daytime Sleepiness subscale of the Children's Sleep Habits Questionnaire (CSHQ); CBCL-I 5
Child Behavior Checklist (CBCL)-
Internalizing Problems subscale; CBCL-E 5 Child Behavior Checklist-Externalizing Problems subscale; PEP-R P 5
Psychoeducational Profile-Revised (PEP-R) Perception Scale; FM 5 Fine Motor Scale; EH 5 Eye-Hand Coordination Scale; WASO 5 wake after sleep onset.
a Models were also fitted for peg rate, but none of the actigraph or sleep problem measures had a significant effect on them.
b Models included terms for total sleep, sleep onset latency, and numbers of awakenings, but these terms did not predict any of the interactions and were not significant. 2012 , Vol. 117, No. 4, 275-290 EAAIDD DOI: 10.1352 /1944 groups, parent reports of bedtime resistance (as indexed by the CBCL) were associated with more daytime sleepiness on both the ESS and CSHQ Daytime Sleepiness Subscales (all ps , .01; Path D). This was not true for parent ''yes/no'' reports of a global sleep problem. Parent reports of night awakening, bedtime resistance, and global sleep problems predicted both externalizing and internalizing behavior problems (Path E). Children with more parent-reported sleep problems had more parent-reported daytime behavior problems. There were no associations between actigraph-defined sleep problems and the ESS or CSHQ Daytime Sleepiness subscale (Path D) or daytime performance and behavior measures for any of the diagnostic groups (Path E); therefore, actigraphdefined sleep onset and night waking problems were not included in Table 6 . Finally, no significant associations were noted between ESS and daytime performance and behavior in any group (Path C). For all three groups of children, higher CSHQ Daytime Sleepiness predicted higher CBCL Externalizing scores and better Eye-Hand Coordination (all ps , .05). For the CBCL Internalizing subscale, daytime sleepiness predicted higher scores but only in the typically developing children (p , .001).
Mediating role of daytime sleepiness. We tested the mediating role of daytime sleepiness in the relationship between sleep behaviors or problems and daytime functioning by assessing the magnitude of change seen in this relationship with the addition of daytime sleepiness to the model. Table 7 summarizes the results of the mediating models. Adding daytime sleepiness to the significant paths in B or E did not significantly change the estimates for the actigraph and sleep problems. Contrary to our predictions, daytime sleepiness did not account for a significant portion of the relationship between any of our indices of sleep (or sleep problems) and daytime functioning. In sum, daytime sleepiness did not mediate the relationships between sleep or sleep problems and daytime functioning but rather 
Discussion
This study used a short-term, repeated measures design and incorporated both objective and subjective assessments to examine whether disrupted sleep was associated with daytime sleepiness and disturbances in daytime performance and behavior, whether these relationships were stable over time, and how children with neurodevelopmental disorders differed from typically developing children. In contrast to the actigraph sleep variables, for which patterns remained stable over the 6-month period , the trajectory of daytime sleepiness and daytime performance measures changed over time. Reduced sleepiness and improved waking performance over time were significantly related to diagnostic group, baseline chronologic age, and time. Children in both of the neurodevelopmentally disordered groups performed less well on both the PEP-R and peg rate tasks than children in the typically developing group. Performance on these measures was more related to diagnostic group than to the hypothesized sleep and sleepiness measures. Similarly, parents of these children rated daytime behaviors on the CBCL as more problematic than did parents of children in the typically developing group, again suggesting that diagnostic group was more important than the sleep and sleepiness measures. Improvement in both the behavior and performance measures was noted over time in all groups. There was less improvement, however, for children in both of the neurodevelopmentally disordered groups.
Relationships between sleep variables, sleep problems, daytime sleepiness, and daytime performance and behavior were complex. Actigraph variables and actigraph-defined sleep problems did not predict daytime sleepiness or daytime functioning, with a few notable exceptions for the children in the ID group (WASO duration and sleep efficiency predicted daytime sleepiness and PEP-R performance). Parent reports of sleep problems predicted parent reports of sleepiness and daytime behavior problems but not observed performance on the PEP-R. Daytime sleepiness on the CHSQ but not the ESS was associated with daytime behavior problems. Overall, indices measured by parent report showed more agreement than observed or physiological measures. These findings resemble those reported recently in which actigraph variables were not directly related to parent-reported mood or behavior symptoms .
The mediator role of daytime sleepiness was not supported by the present study. The overarching pattern of significant findings highlights daytime sleepiness as an important but distinctly different variable from nighttime sleep behaviors or problems. In preschool-age children, this may reflect their daily nap needs or that daytime sleep is more proximal to their waking activity. This finding is not unique in the field of sleep, as previous studies have highlighted the influential role of daytime sleep in young children (Hupbach, Gomez, Bootzin, & Nadel, 2009; Schwichtenberg, Anders, Volbrecht, & Poehlmann, 2011; Watamura, Donzella, Kertes, & Gunnar, 2004) .
Limitations
Sleepiness in young children is difficult to measure and may not manifest in the same way as sleepiness in adults. Young children may ''fight'' their sleepiness and present with ''fidgety-ness'' and hyperactivity (Melendres, Lutz, Rubin, & Marcus, 2004) rather than lethargy and decreased motor activity as is seen in adolescences and adults. For the present study, we selected two parent-report measures. Although these have not been extensively validated in preschool-age children, they are established measures with previous applications to clinical populations. The lack of symmetry in the findings across both measures (i.e., older children scored higher on the CSHQ Daytime Sleepiness index and lower on the ESS) highlights the need for validated sleepiness indices in young children. Additionally, developmentally appropriate tests of daytime functioning that are valid for both neurodevelopmentally disordered and typically developing preschool-age children also are difficult to find. Our selection of the PEP-R, the Bayley peg-board task, and the CBCL was based on their feasibility in these groups (Ozonoff & Cathcart, 1998) . Computer-based memory, attention, and reaction time tasks might demonstrate more consistent associations with sleep disruption and daytime sleepiness.
Finally, a combination of methodologies, including parent reports, structured questionnaires, and objective actigraph recordings, as used in this study, offer both unique information and potential difficulties in interpretation (Sadeh, 2008; Sitnick et al., 2008) . Some measures may agree because of observer bias; other may disagree because of method variance. For example, two parent reports (CBCL and CSHQ) were significantly correlated. In contrast, when the actigraphdefined Night Waking index did not agree with the parent-report Night Waking subscale, it is likely that the child awakened without the parent's knowledge. When using multimethod strategies, it is important to have predetermined rules for reporting and interpreting differences.
Conclusion
Consistent with previous studies, the present report provides some support for the association between sleep disruption and daytime impairment (Richdale, Francis, Gavidia-Payne, & Cotton, 2000; Wiggs, 2001) . A linear pathway from actigraph variables and sleep problems to daytime sleepiness and daytime functioning, as originally hypothesized, was not robustly supported by the findings of this study. Some sleep variables (WASO duration and sleep efficiency) predicted daytime sleepiness for children in the ID group, but this was not true for children in the autism and typically developing groups. These findings are not entirely inconsistent with the reports of previous studies. For example, a recent study by Geiger, Achermann, and Jenni (2010) reported that daytime sleepiness was not associated with IQ test performance in typically developing school-age children but that select actigraph sleep variables were. Similarly, a meta-analysis of a large number of studies that examined sleep quality, sleep duration, sleepiness, and age on school performance demonstrated small overall effect sizes in older children and adolescents for each of these variables; however, causal pathways were not evident (Dewald, Meijer, Oort, Kerkhof, & Bogels, 2010) .
The mediating role of daytime sleepiness remains unclear. Daytime performance and behavior continue to be difficult to measure reliably when comparing neurodevelopmentally disordered and typically developing children. Increased efforts to use more objective, laboratory-based or observer-based instruments should be encouraged.
